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Keratinocytes in psoriatic skin lesions were studied to 
provide more information on the nucleolar ultrastruc-
ture in these cells. In contrast to normal keratinocytes, 
nucleoli in the keratinocytes of the uppermost layer of 
stratum granulosum (intermedium) of psoriatic lesions 
were characterized by the absence of the segregation of 
nucleolar components. In addition, the k eratinocytes 
without keratohyalin of the uppermost layer of stratum 
intermedium of psoriatic lesions did not contain degJ.·an-
ulated nucleoli. Such observations indicate an alteration 
of the maturation processes in the keratinocytes of the 
psoriatic skin lesions and the characteristic nucleolar 
changes apparently represent the morphological expres-
sion of the altered inhibition of the nucleolar (preribo-
s o:mal) RNA synthesis. 
The light microscopic and ultrastructural morphology of 
psoriatic skin lesions is generally known. On the other hand, 
the nucleolar structural organization in the keratinocytes of 
these lesions has been less studied although its knowledge 
might be useful for better understanding of the abnormalities 
in maturation in these cells [1]. 
The present study was undertaken to provide more infor-
mation on the organization of nucleolar components in the 
maturing keratinocytes of psoriatic skin lesions of untreated 
patients. The results demonstrated, that in contrast to the 
corresponding layer of normal human epidermis, nucleoli in 
keratinocytes in the uppermost layer of stratum granulosum 
(intermedium) [2) did not contain segregated nucleoli. In ad-
dition, the results also showed differences in the organization of 
t h e nucleolar components between keratinocytes without ker-
atohyalin and keratinocytes with keratohyalin in the uppermost 
cell layer of stratum granulosum (intermedium) of psoriatic 
skin lesions. 
MATERIALS AND METHODS 
Skin samples from 20 healthy persons and from clinically developed 
psoriatic skin lesions of 10 untreated patients were removed under local 
procaine anaesthesis. These samples (one from each person) were cut 
into small blocks, fixed immediately for 4 hr in 2.5% glutw'a1dehyde 
solution buffered at pH 7.2 with 0.1 M phosphate buffer and washed for 
1 hr or overnight [3] wi th the same buffer. Some blocks of each sample 
were postfixed wi th 1 or 2% osmium tetroxide in 0.1 M phosphate buffer 
for 1 hr. All these procedures were performed at 4°C. After dehydration 
in ethanol or a<:etone the blocks were embedded in Epon 812 or in 
DUIcupan. Ul trathin sections were stained with uranyl acetate and lead 
citrate and observed with a Tesla 613 electron microscope. 
The values obtained in psoriatic skin lesions were compw'ed with 
the values obtained in normal human epidermis and the differences 
were evaluated by a test of 2 relative values [4] and by a modified 
Fisher's test [5]. 
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RESULTS 
The structUl'al organization of bot h nuclear and nucleolar 
components in the keratinocytes of stratum basale, stratum 
spinosum and the lower layers of stratum granulosum (inter-
medium) [2) in psoriatic lesions was similar to that previously 
reported [1]. 
Nucleolar Ultrastructure of Keratinocytes with Keratohyalin 
of the Uppermost Cell Layer of Stratum Granulosum 
(Intermedium) of Psoriatic Lesions 
The nuclei of keratinocytes with keratoh yalin of the upper-
most cell layer of stratum granulosum (intermedium) of pso-
riatic lesions m9stly contained compact nucleoli (70.7%), less 
frequently nucleoli wi th nucleolonemas (15.3%) and exception-
ally ring-shaped nucleoli (0.7%) (Tab. I). In addition, nuclei of 
these bratinocytes contained degranulated nucleoli (nucleolru' 
residues) (13.3%). 
The ultrastructure of the nucleoli with nucleolonemas (Fig 
1) and r ing-shaped nucleoli (Fig 2) was similar to that of the 
conesponding nucleoli described in normal human epidermis 
[3) or in other cell types [6,7]. In psoriatic lesions, the nucleolru' 
interstitia of nucleoli with nucleolonemas in the uppermost 
layer of stratum granulosum (intermedium) with keratohyalin 
were mostly very small (Fig 1) and therefore, these nucleoli 
were of a rath er compact appearance. Exceptionally interme-
diate nucleolru' types between nucleoli with nucleolonemas and 
ring-shaped nucleoli were observed in these keratinocytes (Fig 
3). Compact nucleoli of keratinocytes with keratohyalin in 
psoriatic lesions consisted of a variable number of dense nu-
cleolar granules embedded in a less dense fine fibrillar material 
(Fig 4, 5). Besides these granules and fibrils, many compact 
nucleoli conta ined perinucleolru' and intranucleolal' condensed 
chromatin and fibrillar centers (Fig 5). Thus, in psoriatic skin 
lesions the ultrastructUl'e of the compact nucleoli of keratino-
cytes with keratohyalin was similar to th at in normal human 
TABLE 1. Number of nucleoli 
Uppermost layer of stratum granulosum (intermedium) 
Not'mal hu· Psoriatic Ie· Psoriatic Ie· 
man epider. sians with sians without 
misfl KH" KH' 
n = 300 % n = 150 % n = 150 % 
n % n % n % 
Nucleoli with nucleolone- 10 3.3 23 15.3 11 7.3 
mas 
Ring-shaped nucleoli 2 0.7 1 0.7 1 0.7 
Compact nucleoli 208 69.3 106 70.7 138 92.0 
Segregated nucleoli 41 13.7 0 0 0 0 
Degranulated nucleoli 39 13.0 20 13.3 0 0 
Nucleoli with NGI 82 27.3 0 0 0 0 
a The samples were evaluated from 20 adult therapeutically un-
trea ted persons. 
"The samples were evaluated from 10 therapeutically untreated 
patients. 
n = total number of nuclei examined; J<H = keratohyalin; NGI = 
nuc\ew' globular inclusions located on the surface of compact nucleoli. 
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F IG 1. N ucleolus wi th tightly organized nucleolonemas and nalTOW 
interstices (i) . The nucleolonemas contain dense granular (g ) and 
fi brillar (f) elements. Fibrillar center (F ), perinucleolar (lwge arrow) 
and in tranucleolar (sma.ll a.r row) condensed chromatin. This and the 
fo llowing figures represent nucl eoli of keratinocytes with keratohyalin 
in the uppermost granular cell layer of psoria tic lesions (x 56,700) . 
FIG 2. Ring-shaped nucleolus. S parse dense granules (g ) embedded 
in less dense fibrillar component form a ring aJ"Ound a prominent 
fibrillar center (F) (x 56,700) . 
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epidermis [3]. However, in contrast with the normal human 
epidermis, compact nucleoli with seg.regated nucleolar compo-
nents [3], as well as nucleoli with nucleola.r globular inclusions 
(HGI) on their surface [8] were not observed in the keratino-
cytes of psoriatic lesions. 
FIG 3. Intermediate nucleolar type between nucleolus with nucleo-
lonemas and ring-shaped nucleolus (x 56,700) . 
FIG 4. Compact nucleolus consisting of dense granules (g) embedded 
in less dense fibrill ar component (x 56,700) . 
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FIG 5. Compact nucleolus consisting of numerous dense granules 
(g) embedded in less dense fibrillar component, fibrillar centers (F), 
light a.rea (L) and intranucleolw' (small arrow) as well as perinucleolar 
(large arrow) condensed chromatin (x 56,700). 
The degranulated nucleoli (nucleolar residues) (Fig 6) were 
relatively small compact spherical bodies composed of fibrillar 
structures of low density and occasionally contained dense 
granules. Therefore, these nucleolar residues were similar to 
the degranulated nucleoli observed in normal human epidermis 
[3] or to the micro nucleoli observed in other cell types [7]. 
Statistical evaluation revealed that the differences in the num-
bers of segregated and degTanulated nucleoli between the nor-
mal human epidermis and the epidermis of psoriatic lesions are 
significant (Tab. II). 
N ucleolar Ultrastructure of Keratinocytes without 
Keratohyalin of the Uppermost Cell Layer of Stratum 
Intermedium of Psoriatic Lesions 
In the uppermost cell layer of stratum intermedium of pso-
riatic lesions the keratinocytes without keratohyalin similarly 
as the keratinocytes with keratohyalin mostly contained com-
pact nucleoli (92.0%), less frequently nucleoli with nucleolone-
mas (7.3%) and exceptionally ring-shaped nucleoli (0.7%) (Tab. 
I). In psoriatic lesions the ultrastructure of nucleoli with nu -
cleolonemas, compact nucleoli and ring-shaped nucleoli was 
essentially the same in both the keratinocytes with keratohyalin 
and the keratinocytes without keratohyalin. In contrast to the 
keratinocytes with keratohyalin, the keratinocytes without ker-
atohyalin did not contain degTanula ted nucleoli (nucleolar r es-
idues). Statistical evaluation revealed that in the uppermost 
stratum granulosum (intermedium) of psoriatic lesions the dif-
ference in the number of degranulated nucleoli between the 
keratinocytes with keratohyalin and the keratinocytes without 
keratohyalin is significant (Tab. II). 
DISCUSSION 
The pl'esent study provides additional information on the 
structural organiza tion of nucleoli of kera tinocytes in the up-
pennost cell layer of stratum granulosum (intermedium) of 
psoriatic lesions. 
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FIG 6. Degranulated nucleolus (nucleolar residue) (n) consisting of 
fine fibrils of low density. Perinucleolw' condensed chl'omatin (large 
arrow) (x 56,700). 
TABLE II. S ignificance of difference in occurrence of nucleoli in 
uppermost layer of stratum granulosum (interl1l ediwn) between 
normal hum.an epidermis and psoriatic skin lesions 
Pl<t' P,<h P:1<f" 
Nucleol i with nucleolonemas 0.001" 0.001" 0.001 " 
Ring-shaped nucleoli NS" NS" NS" 
Compact nucleoli NS" O.OOld 0.001" 
Segregated nucleoli O.Olc 0.01" 
Degranulated nucleoli NS" 0.01" 0.01" 
Nucleoli wi th NGI 0.001' 0.001< 
a p, = level of ignificance of tested difference in the number of 
nucleoli between normal human skin and psoriatic lesions with kera-
tohyalin. 
b P, = level of significance of tested difference in the number of 
nucleoli between normal human skin and psoriatic lesions without 
keratohyalin. 
,. p" =; level of significance of tested difference in the number of 
nucleoli between psoriatic lesions with and without keratohyalin. 
d Test of 2 relative values (4). 
C Modified Fisher's test (5). 
NS = nonsignificant; NGI = nuclew' globulw' inclusions. 
In contrast to the normal human epidermis [3], matw'ing 
keratinocytes in psoriatic -lesions did not contain segregated 
nucleoli. Nucleolar segregation is induced by various agents 
inhibiting the transcription of t he nucleolar DNA (rDNA), and 
reflects the inhibi t ion of t he nucleolar (preribosomaJ) RNA 
synthesis [6,7,9]. The occurrence of natural nucleolar segrega-
tion in maturing normal human keratinocytes seems to indicate 
the inhibition of nucleolar RNA synt hesis, induced by the 
physiological maturation of these cells [3]. Thus, the absence of 
segregated nucleoli in maturing keratinocytes of psoriatic le-
sions apparently indicates an altered inhibition of the nucleolar 
RNA synthesis in these lesions. 
The r esults of the present study also demonstrated that in 
the uppermost layer of stratum granulosum (intermedium) of 
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psoriatic lesions the structural organization of nucleoli of the 
keratinocytes with keratohyalin is less altered than that of t he 
nucleoli of the keratinocytes without keratohyalin, since only 
the keratinocytes with keratohyalin-similarly as normal ker-
atinocytes in the corresponding layer-contain small compact 
degranulated nucleoli. The absence of such degranulated nu -
cleoli in maturing keratinocytes without keratoh yalin in pso-
riatic lesions is difficult to explain . However, nucleolar segre-
gation induced by the inhibitors of transcription of rDNA was 
usually fo llowed by the degranulation of the segregated nucleoli, 
and by the formation of small compact nucleoli consisting of 
fibr illar structures in rat liver [9]. In addition, the absence of 
granular components was noted in some micronucleoli, which 
represent the last stages of nucleolar degeneration and are 
characterized by the cessation of the R NA synthesis [7]. There-
fore, in comparison with normal maturing keratinocytes, the 
last stages of nucleolar degeneration in psoriatic lesions are 
pathologically modified in the matur ing keratinocytes without 
keratohyalin but not in the maturing keratinocytes with kera-
tohyalin . 
The above observations apparently indicate an abnormali ty 
of nucleolar R NA synt hesis in maturing keratinocytes of pso-
riatic lesions, as supported by previous study [1]. In the previous 
study, however, this conclusions was based on the interpretation 
of different structural abnormalities such as the nucleolar en-
largement , higher frequency of nucleolru' fibrillar centers and 
nuclear bodies [1]. 
T he absence of nuclear globular inclusions in the keratino-
cytes of psoriatic lesions is difficult to explain because th e 
function and in part the composition of these components are 
still unknown [10,11]' N everth eless, in th e matur ing keratino-
cytes of normal human epidermis the presence of globular 
inclusions often located on the surface of the nucleoli [8] seems 
to be associated with the process of physiological keratinization. 
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Thus, the absence of globular inclusions reflects structural as 
well as functional alterations of the nuclei in the process of 
psoriatic keratinization. 
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